Introduction
The fungus Sclerotium cepivorum Berk, causal agent of white rot, limits the production of Allium L. species worldwide (Brewster, 2008 Fuga et al., 2012 .
Pathogen management requires the adoption of various control measures. Fungicide application, which is the most commonly used measure for phytopathogenic fungi management, does not result in effective control of S. cepivorum, even when fumigant products are used (Zewide et al., 2007; Villalta et al., 2012) . Difficulty in handling the pathogen derives from its efficiency to survive in the field for up to 20 years as sclerotia. In addition, Sclerotium cepivorum aggressiveness is high even at low inoculum density (Davis et al., 2007 , Brewster, 2008 Villalta et al. 2012) . Thus, it is crucial to include other pathogen management measures in infested areas besides fungicide application, such as solarization, biofumigation, and application of germination inducers and biological control agents (Davis et al., 2007; Fuga et al., 2012; Villalta et al., 2012) .
Fungi and bacteria are natural enemies of S. cepivorum in the soil and can be used as part of strategies for the management of white rot (Villalta et al., 2012) . Besides reducing the disease in the field, biological control agents also reduce pesticide application dependence and environmental contamination. Worldwide, the microorganisms with the highest commercial potential for white rot management are species of Trichoderma Persoon and Bacillus Cohn (Avila--Miranda et al., 2006; Corrêa et al., 2007; Castillo et al., 2011; Dinu et al., 2012) .
The main action mechanisms of Trichoderma and Bacillus species against phytopathogenic fungi involve colonization of mycelium and sclerotia (hiperparasitism), and fungitoxic substance production, respectively (Mukherjee et al.; Bhattacharjee & Dey, 2014; Orberá et al., 2014) . Trichoderma species also produce fungi inhibitor compounds, but bacteria reproduction rate and inhibitor substance synthesis are higher. Thus, combined application of Trichoderma and Bacillus may increase efficiency control of S. cepivorum by synergism between mechanisms of action of the antagonists.
Most research on biological control of diseases worldwide cover the use of only one antagonist (Köhl et al., 2011) . However, application of an antagonist mixture would likely increase control effectiveness due to multiple action mechanisms against the pathogen. In addition, bioproduct activity is maintained or is less influenced by environmental variations, as it consists of organisms with different requirements and skills (Meyer & Roberts, 2002; Thilgavathi et al., 2007) . Based on this premise, we aimed to evaluate Trichoderma spp. and Bacillus spp. isolates efficiency on the inhibition of S. cepivorum and compatibility among the most efficient isolates.
Material and methods

Antagonist isolation and maintenance
Sclerotium cepivorum was isolated from infected garlic plants in Rio Paranaiba, Minas Gerais, Brazil. In the laboratory, sclerotia disinfestation was performed with 50% alcohol and 0.5% sodium hypochlorite for 30 and 60 seconds, respectively. Sclerotia were washed twice in autoclaved distilled water (120 °C for 30 minutes) and placed in the center of Petri dishes containing potato dextrose agar (PDA).
The fungus was incubated at 20 °C in BOD for seven days, when 5-mm mycelial discs were removed from the edges of formed colonies and transferred to Petri dishes with PDA. The fungus was cultivated for 10 days at 20 °C and stored at 8 °C on filter paper discs kept in glass tubes containing silica gel (Alfenas & Mafia 2007) .
Bacillus spp. isolates were obtained from soil samples collected in forest areas from Rio Paranaíba, Patos de Minas, São Gotardo, Carmo do Paranaíba and Patrocinio, Minas Gerais, totaling 46 isolates. Bacteria were isolated according to the technique described by the World Health Organization (1985) , in which 1 g of soil sample was placed in glass tubes with 10 mL of sterile saline solution (0.01 mM CaCO3 7H2O; 0.08 mM MgSO4.7H2O; 0.006 mM FeSO4.7H2O; 0.07 mM MnSO4.7H2O; 0.006 mM ZnSO4.7H2O; pH 7.0) and mixed by vortexer for 1 minute. Subsequently, a 1 mL aliquot was removed from the soil suspension and placed in glass tubes that remained immersed in water at 80 °C for 12 minutes, followed by immersion in crushed ice for 5 minutes, in order to select sporulating bacteria of Bacillus genus. The suspension was serially diluted to 10 -2 , and 100 µL was removed from the last dilution. Subsequently, it was put on two petri dishes with Luria-Bertani (LB) and incubated at 28 °C for 24 h. The 46 isolates obtained were kept at 4 °C in the refrigerator and preserved in mineral oil (Alfenas & Mafia, 2007) , after previous genera confirmation of all isolates by biochemical methods.
Trichoderma spp. SF04, SF32, SF44, SF45, SF157, SF206, SF301, SF309 and SF311 were provided by the Laboratório de Biocontrole Farroupilha (Patos de Minas -MG).
Bacillus spp. antagonism against Sclerotium cepivorum
In this experiment, paired culture technique was used in Petri dishes containing PDA medium (Dennis & Webster, 1971) . In laminar flow cabinet, one S. cepivorum sclerotium was transferred to the medium surface and positioned 1 cm from the edge. Dishes were kept in BOD at 20 °C for three days, when the bacterial isolate was sown with an inoculation loop on the opposite side of the dish. Dishes were kept in BOD at 20 °C for 15 days. S. cepivorum culture diameter was evaluated using a digital caliper, and inhibition zone presence or absence was also reported. When inhibition zone occurred, the fungus mycelium portion in contact with the edges of the inhibition zone was transferred to Petri dishes containing PDA, in order to check if bacterial metabolite effect was fungicidal or fungistatic. Dishes cultivated only with S. cepivorum were used as control.
The experiment was conducted twice in a completely randomized design, with four repetitions, considering each dish as experimental unit. Data were submitted to Shapiro-Wilk and Levene's tests to find variance normality and homogeneity, respec-tively. Due to variance homogeneity between experiments (Gomez & Gomez, 1984) , data were grouped and analyzed together. Analysis of variance (F test, P = 0.05) was conducted and treatment means were compared through Tukey's test (P = 0.05).
Effect of thermostable compounds produced by Bacillus spp. on S. cepivorum mycelial growth
Colonies of bacteria selected in the paired culture experiment were transferred to erlenmeyer flasks containing liquid culture medium based on potato dextrose (PD), and kept at 25 °C for seven days under stirring at 150 rpm in the dark. After this period, bacterial suspension aliquots were transferred to Erlenmeyer flasks containing PD culture medium, resulting in concentrations of 20, 50 and 80% (v:v) . PD medium added to the bacterial suspension consisted of 250, 400 and 1000 g L -1 of potato, and 25, 40 and 100 g L -1 of dextrose for treatments with concentrations of 20, 50 and 80%, respectively. Subsequently, agar was added at a concentration of 20 g L -1 , and culture media were sterilized by autoclaving for 20 minutes at 120 °C.
After homogenization, 20 mL of the resulting suspension were poured into Petri dishes. After medium solidification, a 5-mm diameter phytopathogen colony disc was placed in the center of each dish. Control only contained the pathogen in PDA. After 21 days of incubation in BOD at 20 °C, S. cepivorum colony diameter was evaluated.
The experiment was conducted twice in a randomized block design and 7 x 3 + 1 factorial (bacterial isolates x bacterial suspension concentrations + control), with four repetitions, where each dish was an experimental unit. Analysis of variance (F test, P = 0.05) of grouped data was conducted, and treatment means were compared using Tukey's test (P = 0.05). Comparison with control was conducted by Dunnett's test (P = 0.05).
Trichoderma spp. antagonism against Sclerotium cepivorum
Trichoderma isolates antagonism against S. cepivorum was evaluated by paired culture method (Corrêa et al., 2007) . Mycelium discs of 5-mm diameter of S. cepivorum and the antagonist were removed from colonies with 10 days of cultivation, and were simultaneously deposited in opposite ends of Petri dishes (1 cm from the dish edge) containing PDA. Control only contained the antagonist. Dishes were kept in BOD at 20 °C for 15 days, when fungi mycelial growth was evaluated according to the scale proposed by Bell et al. (1982) , and by measuring Trichoderma isolate mycelial growth. Experimental design and data evaluation were similar to that described in the experiment of Bacillus spp. antagonism against S. cepivorum.
Effect of metabolites produced by Trichoderma spp. on S. cepivorum mycelial growth
Trichoderma isolates selected in the paired culture experiment were cultivated in Erlenmeyer flasks containing 400 mL of PD medium. Five mycelia discs were removed from Trichoderma colonies cultivated in PDA for seven days and added to each erlenmeyer flask. Flasks were kept at 25 °C for seven days under stirring at 150 rpm in the dark. After this period, the liquid fraction was collected by filtration on filter paper, and filtration on 0.2 µm nitrocellulose membrane. Then, PD medium with metabolites was incorporated into the still melting autoclaved PDA media (45 °C) at a concentration of 25% (v:v) . After medium solidification, a 5-mm diameter mycelia disc removed from the phytopathogen colony was placed in the center of each dish. Control consisted only of the pathogen in PDA culture medium, without metabolite presence. S. cepivorum colony diameter was measured after seven days of incubation at 20 °C in BOD.
Experimental design and data evaluation were similar to that described in Bacillus spp. antagonism against S. cepivorum.
Compatibility among Bacillus spp. and Trichoderma spp. Isolates
Compatibility between eight Bacillus isolates (B01, B03, B10, B120, B570, B571, B854 and B934) and five Trichoderma isolates (SF32, SF45, SF206, SF301 and SF311) was evaluated by two different techniques. In order to study Bacillus antagonism in relation to Trichoderma isolates, the method proposed by Dennis & Webster (1971) was used (previously described). In order to verify the possible inhibitory action of Trichoderma metabolites on Bacillus, diffusion in solid culture medium was used (Bauer et al., 1966) . For this purpose, 1 mL of bacterial suspension was added to sterile Petri dishes. Subsequently, 20 mL of Luria Bertani agar (LBA) were added to each dish. Right after culture medium solidification, filter paper discs with 1 cm diameter, soaked with Trichoderma isolate metabolites, were deposited in the center of the dishes, followed by incubation at 28 °C for 48 hours. Fungal metabolites were obtained as described above. Dishes containing only Bacillus or filter paper discs soaked in sterile distilled water were used as control.
Isolates were considered compatible when there was no inhibition zone in the colonies. Experiments were conducted in duplicate, following a completely randomized design, and analyzed as a 9 x 6 factorial (eight bacterial isolates and control x five fungal isolates and control), with four repetitions. The experimental plot was represented by a Petri dish. Data were analyzed using descriptive statistics.
Results and discussions
Bacillus spp. Antagonism against Sclerotium cepivorum
Most of the 46 Bacillus isolates had no effect on the inhibition of S. cepivorum growth (Table 1) . In turn, eight bacterial isolates (B01, B03, B10, B120, B570, B571, B854 and B934) reduced mycelial growth between 42.2 and 50.2%, with inhibition zone formation. These isolates were selected for the com-patibility tests with five Trichoderma isolates (SF32, SF45, SF206, SF301 and SF311). B113 isolate also reduced mycelial growth, but did not induce inhibition zone formation.
It is possible to infer that S. cepivorum mycelial growth inhibition was due to antibiosis. There was no overlap of bacterial colony on the pathogen, but S. cepivorum mycelium blackening was observed in the influence area of possible metabolites produced by bacteria. Fungal cells were shorter and had thicker walls in this region, as found by microscopic examination of slides prepared from blackened mycelium. The same phenomenon was observed by Kupper et al. (2003) , who evaluated B. subtilis isolates action on Colletotrichum acutatum. Cell changes were probably related to the pathogen defense mechanism. In this study, substances produced by Bacillus spp. were fungistatic, as S. cepivorum started to grow again when transferred to Petri dishes with PDA (data not shown). 
Effect of thermostable compounds produced by
Bacillus spp. on S. cepivorum mycelial growth S. cepivorum growth varied depending on interaction between isolates and bacterial suspension concentrations. The pathogen colony was reduced when cultivated for 21 days in culture medium containing 80% of autoclaved bacterial suspension, especially with B571, B570, B120, and B03 isolates, where colony diameter was lower than 1.9 cm (Table 2) . At 20 and 50% concentrations, pathogen growth was not reduced in the presence of autoclaved suspension previously grown with Bacillus isolates, with the exception of B120 and B934 isolates at a concentration of 50%, and of B03 isolate at both concentrations. Table 2 -Sclerotium cepivorum mycelial growth for 21 days in Petri dishes containing potato dextrose agar medium supplemented with different concentrations (%) of potato dextrose medium autoclaved and previously cultivated with Bacillus spp. isolates.
Bacterial isolates
S. cepivorum colony diameter (cm) Autoclaved bacterial suspension concentration (%) 20 50 80 B01 9.0 aA* 8.5 aA* 3.0 abB B03 4.2 bA 2.5 cAB 1.0 bB B10 8.4 aA* 7.8 abAB* 5.5 aB B120 7.5 aA* 4.5 bcB 1.1 bC B570 6.8 abA* 6.3 abA* 1.7 bB B571 7.5 abA* 7.0 abA* 1.9 bB B854 6.7 abA* 5.9 abcA* 4.3 abA B934 9.0 aA* 4.7 bcB 4.3 abB Control 9.0
Means followed by capital letters in the line and lowercase letters in the column do not differ by Tukey's test (P <0.05). * Means followed by an asterisk did not differ significantly from control by Dunnett's test (P <0.05).
The results of this study corroborated those obtained by other authors, confirming that Bacillus species produce thermostable compounds that inhibit pathogen growth, such as Fusarium circinatum (Soria et al., 2012) and C. acutatum (Kupper et al., 2003) . The B03 isolate was the only one that produced thermostable compounds which inhibited S. cepivorum growth at all concentrations. As a result, compounds of this isolate should be featured in future studies and evaluated in S. cepivorum management.
Trichoderma spp. antagonism against Sclerotium cepivorum
All nine Trichoderma isolates reduced pathogen growth in paired culture for 15 days. Isolates SF45, SF32, SF301, SF311 and SF206 completely inhibited S. cepivorum growth (Table 3) . These five isolates colonized the entire culture medium surface, including the pathogen mycelium disc, corresponding to degree 1 in the scale by Bell et al. (1982) . Thus, it can be inferred that hyperparasitism is an action mechanism of these isolates against S. cepivorum (Mukherjee et al., 2013) . On the other hand, SF 309, SF 04, SF 44, and SF 157 isolates scored average degrees (between 2.6 and 3), representing little or no antagonism, respectively (Bell et al., 1982) . In a research conducted in Mexico, T. longibrachiatum and T. asperellum isolates also completely inhibited S. cepivorum mycelial growth (Castillo et al., 2011) . Means followed by the same lowercase letter in the column do not differ by Tukey's test (P <0.05). * Scale by Bell et al. (1982) .
Trichoderma spp. isolates selected in vitro should be evaluated in field studies, as their efficiency may vary depending on environmental variations. However, some isolates reduce pathogen inoculum even in field conditions, as shown in research conducted in the United Kingdom (Clarkson et al., 2004) , and Mexico (Avila-Miranda et al., 2006) .
Effect of metabolites produced by Trichoderma spp. on S. cepivorum mycelial growth
S. cepivorum growth was not reduced when grown in culture medium containing Trichoderma culture filtrates (data not shown), with complete medium surface occupation at seven days. Sclerotia were formed in the control until seven days, while these structures took 15 days to be formed in plates with antagonist filtrates (data not shown). Based on these results and paired culture experiment, it is possible to infer that Trichoderma SF45, SF32, SF301, SF311, and SF206 isolates act mainly as S. cepivorum hyperparasites. Although some fungal isolates produce non-volatile metabolites that are capable of inhibiting S. cepivorum (Ávila et al., 2005) Twelve out of 40 combinations among five fungal isolates (SF code) and eight bacterial isolates (B code) were incompatible. Antagonists grew normally in the control. B10 isolate inhibited SF206 isolate growth, while B01 and B934 isolates strains inhibited SF301. In turn, the SF206 isolate was incompatible with B120 and B934, while SF301 inhibited the growth of all bacterial isolates, except B854.
Generally, it is expected that combined application of antagonists would increase the control of plant pathogens (Meyer & Roberts, 2002; Thilgavathi et al., 2007) . For example, mixed formulations of Trichoderma and Pseudomonas Migula were more efficient on the control of Sclerotium rolfsii Sacc, Rhizoctonia solani Kuhn, F. oxysporum f. sp. ciceri Matsuo & Sato, Macrophomina phaseolina Tassi (Goid), and Sclerotinia sclerotiorum (Lib.) De Bary in various crops than each antagonist applied alone (Mishra et al., 2013) . However, there may be incompatibility between biocontrol agents such as, for example, the mixture between Pseudomonas fluorescens Migula and Pantoea vagans Brady (Stockwell et al., 2011) . Therefore, knowledge about compatibility between beneficial microorganisms is crucial.
Thus, it is concluded that Bacillus spp. B03, B570, B571 and B854 isolates, and Trichoderma spp. SF45, SF32 and SF311 isolates reduce S. cepivorum mycelial growth and are mutually compatible. Therefore, formulations using a mixture of these isolates can be assessed in field experiments for the management of the white rot.
Conclusions
1. B01, B03, B10, B120, B570, B571, B854 and B934 Bacillus spp. Isolates, and SF32, SF45, SF206, SF301 and SF311 Trichoderma spp. isolates reduce Sclerotium cepivorum mycelial growth. 2. B03, B570, B571 and B854 Bacillus spp. isolates, and SF45, SF32 and SF311 Trichoderma spp. isolates are compatible and can be applied jointly in further studies.
